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Dr. Rosalind Fkanklin 
Department of Physics 
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Longon, England 

Dear Dr .  Franklin: 

The reports  I have had on your X-ray d i f f rac t ion  work 
on TMV have interested me greatly. A s  J i m  Watson may have t o l d  you, 1 
am measuring the in tens i ty  d is t r ibu t ion  i n  the equatorial layer  l i n e  of  
TMV, using a Geiger counter spectrometer. I understand that you have a 
plot  of the in tens i ty  of the equatorial re f lec t ions  f r o m  your photographs, 
and I would l i k e  very much t o  see your resul ts .  

The enclosed graph shows two of  the d i f f rac t ion  pat terns  
I have obtained. The geometry of the spectrometer is  as follows: four 
s l i ts  w i t h  20 crn between each pair, two f o r  the collimator, and two on 
the detector a r m ,  w i t h  the sample mounted half way between the second and 
third s l i ts ,  on the axis of ro ta t ion  of the spectrometer. Both the  
collimator and detector paths are evacuated. The s l i ts  are a l l  s e t  t o  
the same opening, and s l i t  widths from 0.03 t o  0.3 mm are used, depending 
on the intensity.  The geometrical half-width a t  the detector i s  thus 
from 1' t o  10'. The s l i t  heights were e i ther  1 cm or .5 cm. Such long 
s l i t s  were required t o  get enough intensity,  w i t h  the narrow s l i ts  re- 
quired f o r  high angular resolution. Fi th  the longer s l i t s  an  appreciable 
f r ac t ion  of the in tens i ty  on the f irst  layer l i n e  can be seen by the  
detector. Most of the data were obtained within 5O of the central  beam. 
A t  larger  angles the in tens i ty  was generally too low, and the e f f ec t  of 
s l i t  height too pronounced t o  get significant data. Idonochromatizatioa 
i s  obtained w i t h  balanced N i  - Co f o i l s  f o r  C u  K a  radiation. Most Qf the 
measurements were made on virus solutions of concentration between 10 and 
30 per cent, oriented i n  capi l la r ies  of 0.5 mm diameter. 

The lower curve, i n  the enclosed graph, was obtained 

The only s ignif icant  change i n  the r e l a t i v e  

using long s l i ts ,  and the upper one w i t h  the s h o r t  slits. The in t ens i t i e s  
plotted have been corrected f o r  background scat ter ing,  measured w i t h  a 
capi l la ry  f i l l e d  w i t h  water. 
in tens i ty  of' the subsidiary d i f f rac t ion  maxima on reducing the s l i t  
height occurs i n  the region between 160' and 230', where, w i t h  the long 
s l i ts ,  an appreciable f ract ion of the stronp re f lec t ion  on the f irst  layer 
l i n e  i n  th i s  region i s  seen by the detector. Even with the shorter s l i t s  
some in tens i ty  from the f i r s t  layer l i ne  wi-~ s t i l l  be seen, a s  indicated 
by the shoulder on the fourth subsidiary maximum. Data i n  the central  
peak region was obtained w i t h  0.03 and 0.05 mm sl i ts ,  i n  the region o f  
the f i rs t  subsidiary maximum w i t h  0.1 mm s l i ts ,  and f o r  the r e s t  o f  the 
curve w i t h  0.2 and 0.3 mm sl i ts .  

The degree t o  which the minima are f i l l e d  i n  is  
determined primarily by the w i d t h  of the slits. This s l i t  smearing e f fec t  
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was calculated f o r  the region of the f irst  zero.and m a x i m  of the 
d i f f rac t ion  pat tern of a uniform rod, and was found t o  be appreciable only  
f o r  the minimum, where it i s  the order of  that  experimentally measured. 
The value o f  the in t ens i t i e s  a t  the minima can not be measured w i t h  much 
precision since the counting r a t e s  are very close t o  that of the back- 
ground and thus the corrected values are sensi t ive t o  the accuracy of the 
correction. Thus the differences i n  the depth o f  the minima between the 
t w o  curves, except f o r  the fourth minimum, are probably not signiffcant. 
The or ientat ion of the virus samples w a s  checked by birefringence 
measurements and pin-hole X-ray photographs i n  some cases. For d is -  
or ientat ion t o  have as great an e f fec t  on the d i f f rac t ion  pattern as s l i t  
w i d . t h  out t o  d i f f rac t ion  angles o f  about 3* a range of or ientat ion angles 
greater  than about 50 from the mean or ientat ion direct ion would be 
required. 

The theoret ical  d i f f rac t ion  pat tern plotted i s  the 
cyl indrical  average of tkie square of the structure factor  f o r  an 
hexagonal pr i sm w i t h  a thickness, normal t o  a face, of 152 8 .  
almost ident ica l  t o  the d i f f rac t ion  pattern of  cylindrica rod o f  the 

differences are  only noticeable beyond the th i rd  subsidiary max imum.  No 
change i n  the dimension of the uniform rod  model would give any be t t e r  
agreement than this, Also there seems t o  be no way i n  which the 
diffract ion pat tern o f  a uniform r o d  could be dis tor ted by s l i t  smearing, 
sample disorientation, o r  in te rpar t ic le  interference t o  give the observed 
pattern. The in t e rpa r t i c l e  interference from oriented TMV seems t o  be 
very similar t o  that observed i n  l iquids.  By extrapolation of the 
interference e f f ec t s  a t  small angles, as well as comparison of data taken 
a t  different  concentrations, it appears that  i n t e rpa r t i c l e  interference 
e f f ec t s  i n  the region of the f i r s t  subsidiary maximum are not greater 
than about t en  per cent, and are negligable a t  higher angles. 

zeros of the equatorial transform of TMV, and that  the sign changes a t  
each zero, a t  l e a s t  for the f i r s t  three minima, the difference between 
the transform of TMV and that o f  a uniform rod can be determined. 
Normalizing t o  approximately the same zero angle values f o r  the trans- 
forms, i t  seems f a i r l y  certain that  the difference amplitude i s  negative 
f o r  28 &om zero t o  about 981, then positive t o  about 135', and then 
negative. Beyond about 170' the data i s  not too  r e l i ab le  and the sign of 
the f i f t h  maximam i s  uncertain. The central  peak of the transform of  
TMV i s  assumed t o  have the same form as a uniform cylinder of radius 
which w i l l  give the f i rs t  zero o f  the transform a t  the posit ion of the 
f i r s t  m i n i m  of  the d i f f rac t ion  pattern. 
i s  correct, then the difference amplitude can be wri t ten as 

This i s  

same cross-sectional area, that i s  having a radius of 80 B . The 

Assuming that  the minima of the d i f f rac t ion  pat tern ark 

If the zero angle normalization 

bssuming that  it is  due t o  a f i n i t e  number of she l l s  of high and/or 
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low density. It has been possible t o  f i t  the difference amplitude 
curve by a few terms of this form, the most p r  nounced being that  fop 8 

f o r  th i s  term indicates t h a t  it may represent the v i r u s  nucleic acid. 
Two other terms w i t h  appreciable coefficients represent a low density 
s h e l l  a t  about 70 8 and a high density she l l  a t  about 94 8. The l a t t e r  
term may be due t o  in te rpar t ic le  interference e f fec ts ,  but may possibly 
have some physical significance, 

s h e l l  of high density a t  a radius of about 47 l! The mass coefficient 

The one conclusion f rom the r e s u l t s  so far tha t  i s  
de f in i t e  though, i s  that the density i s  higher toward the outside of the 
virus rod, and this high density appears t o  have i ts  maximum between about 
45 and 50 8. Before carrying out the Fourplier-Bessel inversion I would 
l i k e  t o  t r y  t o  get bet ter  data i n  the higher angle region and t o  check 
the s ign assignment, 
solution, and the  lead seems t o  have bound t o  some extent w i t h  the TMV, 
since the r e l a t i v e  in t ens i t i e s  of the subsidiary maxima have changed. 
It is  not l i k e l y  that thls i s  due t o  a change i n  the density o f  the 
medium since the lead acetate concentration i s  only 1012M. 
yet determined, from the differences between th i s  d i f f rac t ion  pat tern 
and tha t  of ?'ElV in  water, where the lead i s  bound, but i t  should be 
possible t o  do t h i s  and t o  check the signs. 

I have prepared oriented TMV i n  lead acetate 

1 have not 

Any d e t a i l s  you can send me on your work w i l l  be grea t ly  
appreciated. I understand you have found tha t  the surface of  the virus  
rod  has indentations. 
indentation and the projection? I w i l l  be leaving Yale a t  the end of 
t h i s  month fo r  a year a t  Cal Tech, but i f  you can write me within the 
next fewmeks would you write me here? 

Could you l e t  me know what r ad i i  you find f o r  the 

Donald Caspar / 

DC:bh 
Encl. 


